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Phenol is highly reactive toward electrophilic aromatic substitution. By this
general approach, many groups can be appended to the ring, via halogenation, acylation,
sulfonation, and other processes. Phenol contains the hydroxyl group (–OH), which is a
strongly activating ortho/para directing group in aromatic electrophilic substitution
(AES). AES gives a mixture of ortho and para isomers, which must be separated.
The strong directing ability of phenol can also result in multiple substitutions on
the aromatic ring which could be a major concern in the regiospecific synthesis of
phenols. AES and Directed ortho-Metalation (DoM) are the only ways to directly
substitute a proton on an aromatic ring and to synthesize regiospecifically substituted
phenols. Phenol is a versatile precursor to a large collection of drugs, most notably
aspirin, but also many herbicides and pharmaceuticals. AES reactions are useful in
regiospecific synthesis as a way of introducing many reactive groups on the benzene ring
and also help us to design a suitable method for synthesizing compounds in an efficient
manner.
Dimethylbenzylamine products are obtained as a result of the reaction of phenols
with Eschenmoser’s salt (N,N-Dimethylmethyleneiminium iodide). This approach
enables us to prepare regiospecifically ortho substituted phenols by using the AES
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protocol. We have discovered that Eschenmoser’s salt has the ability in basic medium
containing triethylamine (TEA) to remove the proton and bond to the aromatic ring
exclusively in ortho position to the –OH substituent.
Our research work focused on efforts to render isolated products with minimum
impurities, greener and more atom economical by use of limiting reagent in the reactions.
For the purpose of evaluation of the obtained compounds and intermediates we use Gas
Chromatography (GC), Gas Chromatography coupled with Mass Spectrometry (GC-MS)
and Nuclear Magnetic Resonance (NMR).
Our future work is to synthesize novel benzoheterocyclic compounds from the
ortho-derivatised phenols as well as multi-substituted aromatic compounds. The
dimethylamino methyl group can act as a directing group in the ortho-lithiation process;
subsequent ortho-metalation and treatment with electrophiles generates 1,2,3trisubstituted phenolic derivatives. Thus, phenolic precursors can be transformed into
numerous derivatives which can be used in the chemical, agricultural and pharmaceutical
industries.
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INTRODUCTION
Phenols are acidic in nature, so their handling and reactions differ from those of
other aromatic compounds. Our research focused on phenols for preparing
benzoheterocycles, derivatives of phenolic analogs which can be used in chemical,
agricultural and pharmaceutical industries. This involved the AES procedure to prepare
regiospecific ortho-substituted phenols.
Although aromatic compounds have multiple double bonds, these compounds do
not undergo addition reactions. Their lack of reactivity toward addition reactions is due to
the great stability of the ring systems that result from complete π electron delocalization
(resonance). Aromatic compounds react by electrophilic aromatic substitution reactions,
in which the aromaticity of the ring system is preserved.
Background:
AES is an organic reaction in which an atom, hydrogen, appended to an aromatic
system is replaced by an electrophile. The most important reactions of this type that take
place are aromatic nitration, aromatic halogenation, aromatic sulfonation, acylation and
Friedel Crafts acylation and alkylation. Substituents can generally be divided into two
classes regarding electrophilic substitution: activating and deactivating towards the
aromatic ring.
Activating substituents or activating groups stabilize the cationic intermediate
formed during the substitution by donating electrons into the ring system, by either
inductive effect or resonance effects. Examples of activated aromatic rings are toluene,
aniline and phenol. Deactivating substituents destabilize the intermediate cation by
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withdrawing electron density from the aromatic ring and thus decrease the reaction rate.
Examples of deactivated aromatic rings are nitrobenzene and benzoic acid.
Substituents already attached to a benzene ring exert an influence on the
electrophiles, which provide substitution of the benzene ring via AES reactions.
Activating groups direct an incoming electrophile to the ortho or para positions.
Deactivating groups direct incoming electrophiles to the meta position (Table 1).
Table 1: Influence of various directing groups
Strong

Moderate

ortho/para
directors

-OH, -NH2, -NHR, - -NHCOCH3, -OCH3,
NR2
-OCOCH3

meta directors

-NO2, -CCl3

Weak
-CH3

-SO3H, -COOH

Halogen atoms show both activating and deactivating characteristics. They have
three pairs of unshared electrons; halogen atoms can supply electrons toward the ring.
However, because of their high electronegativities, halogen atoms also tend to remove
electrons from the benzene ring. These conflicting properties make halogens a weak
ortho-para director and also a ring deactivator. This means that the presence of a halogen
atom on benzene causes an incoming electrophile to attach at an ortho or para position.
The AES reaction mechanism is explained through the following steps (Figure 1).
a) In the first step, electrophile attacks the electron-rich aromatic ring (benzene) and leads
to the formation of a positively-charged carbocation, known as an arenium ion. This
carbocation is unstable, due to the positive charge on the ring and to the temporary loss of
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aromaticity. However, the arenium ion is partially stabilized by resonance, which allows
the positive charge to be distributed over other carbon atoms.
b) In the second step, a base abstracts the hydrogen atom at the point of electrophilic
attack and the electrons shared by the hydrogen are returned to the π-system, restoring
aromaticity.

Figure 1: Reaction mechanism of aromatic electrophilic substitution.
Electrophiles may attack aromatic rings with functional groups. Performing an
electrophilic substitution on an already substituted benzene compound raises the problem
of regioselectivity. In the case of monosubstituted benzene, there are 3 different reactive
positions on the aromatic ring; namely the position 2 (ortho), position 3 (meta) and
position 4 (para). Positions 5 and 6 are equal to 3 and 2, respectively.
Polysubstitution can also be a problem. For example, for strongly activated
monosubstituted arenes bromination is very rapid, even in the absence of a catalyst,
leading to bromination in all available ortho and para positions. To avoid these problems,
amines and phenols are protected by converting to their acyl derivatives. The protecting
group (an amide/ an ester) can later be removed by either acid or base hydrolysis. The
amide is a less powerful activating group than the simple amino group, -NH2. In general,
the sequence protect - substitute – deprotect; is equivalent to substituting the aniline
directly.
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Monosubstituted benzene containing an activating group is usually an ortho/para
directors due to the following resonance structures obtained after the electrophilic attack
(Figure 2 and Figure 3).
a) Attack at the ortho position.

Figure 2: Transition states of the electrophilic attack at ortho position on
monosubstituted benzene

b) Attack at the para position.

Figure 3: Transition states of the electrophilic attack at para position on monosubstituted
benzene
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Attack at the ortho/para position generates an extra resonance form that is
stabilized due to the donation of a pair of electrons from the activating group to one of
the resonance forms during the transition state. For strong and moderate directors, this
resonance form is the strongest contributor to the lowering of the transition state energy.
The Friedel–Crafts reactions are organic reactions developed by Charles Friedel
and James Crafts in 1877. The reaction type is a form of AES and there are two main
types of Friedel–Crafts reactions: alkylation reactions and acylation reactions.
Carbocations can undergo rearrangement during the Friedel-Crafts alkylation reaction,
leading to the formation of unpredicted products. One example is the formation of
isopropyl benzene by the reaction of propyl chloride with benzene.

Our Approach.
Special properties of the functional groups lay the foundations for the richness
and complexity of organic reactions. This not only leads to a better understanding, but
also allows us to develop new compounds from scratch.1 Phenols are highly reactive
toward electrophilic aromatic substitution, because the –OH group is a strong activating
substituent. The nonbonding electrons on oxygen stabilize the intermediate cation and
this stabilization is most effective for attack at the ortho or para position of the ring
This directing influence of –OH group is so strong that, often substitutions on
phenols are accomplished without the use of a catalyst. Phenols react with halogens to
yield mono-, di-, or tri-substituted products, depending on reaction conditions. For
example, an aqueous bromine solution brominates all ortho and para positions on the
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aromatic ring. Monobromination can be achieved by running the reaction at extremely
low temperatures in carbon disulfide solvent.
The Mannich reaction is an organic reaction which consists of an amino
alkylation of an acidic proton placed next to a carbonyl functional group with
formaldehyde and ammonia or any primary or secondary amine (Figure 4). The reaction
is named after chemist Carl Mannich. The final product is a carbinolamine compound
also known as a Mannich base.
The Mannich reaction is an example of nucleophilic addition of an amine to a
carbonyl group followed by dehydration to the Schiff base. The Schiff base is an
electrophile which reacts in the second step in a electrophilic addition with a compound
containing an acidic proton. In a typical Mannich reaction, ammonia or primary or
secondary amines are employed for the activation of formaldehyde. Tertiary amines lack
an N-H proton to form the intermediate imine. Recently formaldehyde has been listed as
potential carcinogen by the Department of Health & Human Services from a report
compiled by the National Toxicology Program. 10

Figure 4: Reaction scheme for typical Mannich Reaction
6

Ungaro et al. showed that phenols could be condensed with Eschenmoser’s salt
(E. salt) catalyzed by potassium carbonate in exchange resins yield exclusively orthosubstituted products.2, 3 Their method employed the use of polymeric base to catalyze the
reaction. Various chemicals are used for synthesis of substituted phenols through AES
protocol, one such reagent we have used in our research is Eschenmoser’s salt. In our
approach we have discovered that this salt has the ability in the weakly basic medium
containing triethylamine (TEA) in tetrahydrofuran (THF) to remove the proton and bond
to the carbon of the aromatic ring (Figure 5). Since E. salt is weakly electrophilic, only
monosubstitution of phenols was anticipated in the ortho position as described in the
literature. 2, 3
Our approach has the following advantages:
a) Conditions are easily achievable compared to those in the literature.
b) Final product was obtained in pure form without the use of ion exchange resins.
c) Use of E. salt provides a much faster reaction with phenol unlike in-situ
generation of E. salt using the Mannich Reaction.
d) The chemicals are safe to handle as compared to use of formaldehyde in Mannich
Reaction.

Figure 5: Reaction Scheme for Synthesis of 2-[(dimethylamino)methyl]phenol.
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Although there is vast array of well documented groups, modern complex
synthesis requires the continual invention of new, selective strategies.4 In support of the
current total synthesis ventures the need for the phenol functionality would (1) survive
significant base and/or acid manipulations and (2) have known steric impact.
When a benzene ring has two substituent groups, each exerts an influence on
subsequent substitution reactions. The activation or deactivation of the ring can be
predicted more or less by the sum of the individual effects of these substituents. The site
at which a new substituent is introduced depends on the orientation of the existing groups
and their individual directing effects. The groups may be oriented in such a manner that
their directing influences act in concert, reinforcing the outcome, or are opposed
(antagonistic) to each other. This depends on whether the groups have similar or opposite
individual directing effects. In general, for opposing directors, the stronger director
controls the site of substitution.
After obtaining the results of the 2-[(dimethylamino)methyl]phenol using the
AES protocol, several other derivatives are to be synthesized. The para substituted
derivatives of dimethylamino methyl phenolic products have different substituents at the
para position, presents possible concerns for not having the similar reaction as seen in
phenol due to the different functional group effects.
The next step envisioned in our research was to extend our results to the meta
substituted phenols and also ortho-metalate 2-[(dimethylamino)methyl]phenol to prepare
various ortho-lithiated derivatives, which could be then substituted by electrophiles and
then cyclised in basic conditions for preparing regiospecifically substituted
benzoheterocycles of potential use in pharmaceutical, agricultural and chemical industry.
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EXPERIMENTAL SECTION
All chemicals used were ACS reagent grade purchased from Sigma-Aldrich
(Milwaukee, WI, USA).
A. Different Chemicals used in my research work are:
A.1. Phenol
A.2. 4-Bromophenol.
A.3. 4-Chlorophenol.
A.4. 4-Methoxyphenol.
A.5. Eschenmoser’s salt (N,N-Dimethylmethyleneiminium iodide) (E. salt).

B. Instrumentation:
B.1. Weighing balance: Adventurer, OHAUS.
B.2. Gas Chromatography: Agilent Technologies, 6850.
B.3. Gas Chromatography-Mass Spectrometry (GC-MS): Agilent Technologies, 5973
MSD with 6890 N.
B.4. Nuclear Magnetic Resonance (NMR): JOEL Eclipse ECA 500 with broad band and
low T capabilities.

The purpose of this research was to focus on synthesizing new derivatives of
phenol which would have the potential in the chemical, agricultural & pharmaceutical
industries.
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Synthesis of 2-[(dimethylamino)methyl]phenol.
The reaction was run in a 100 mL round bottom flask with phenol (1 eq, 2.0 g,
21.28 mmol), THF (15 mL), TEA (1 eq, 2.97 mL, 21.28 mmol) and E. salt (0.33 eq,
1.31g, 7.10 mmol) at 60 °C for 24 h. This reaction was run at small scale and twice the
scale size with very good results.

Isolation:
The reaction mixture was first treated with MTBE (methyl-t- butyl ether) (ca. 25
mL) in the round bottom flask. Extraction of the amine product was performed using 2M
HCl (hydrochloric acid) (ca. 25 mL) and the isolation of the aqueous layer using a
separating funnel. The aqueous layer was treated twice with MTBE and then the aqueous
layer was just neutralized/made slightly alkaline using the required quantity of 3M NaOH
(sodium hydroxide). This neutralized aqueous layer was extracted with MTBE and the
ether layer was evaporated using the rotary evaporator to get an oily crude extract.
At present the isolated yield is 38.1 % and the results obtained were verified using
GC-MS and NMR.

Analysis:
MS 134 (8, M+ -15), 151 (100, M+), 107 (42, M+ -44), 58 (42, +CH2=NMe2), 77 (35,
C6H5+).
1

H NMR (CDCl3) δ 2.31 (s, 6H, (CH3)2N), 3.64 (s, 2H, CH2), 6.74-7.17 (d, d, t, t, 4H,

ArH)
13

C NMR (CDCl3) 158.18, 128.77, 128.34, 122.03, 118.98, 116.09, 62.97, 44.57.
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Table 2: Summary of the investigated conditions for the 2[(dimethylamino)methyl]phenol synthesis in Acetonitrile medium.
% Product formed (Uncorrected
Phenol (eq)

E.Salt (eq)

Temp (°C)

GC Data – FID Detector)

1

1

25

55 (24 h)

1

1

45

64.3 (24 h)

Table 3: Summary of the investigated conditions for the 2[(dimethylamino)methyl]phenol synthesis in THF medium.
% Product formed (Uncorrected
Phenol (eq)

E.Salt (eq)

Temp (°C)

GC Data – FID Detector)

1

1

25

28.7 (24 h)

1

1

45

72.6 (24 h)

1.5

1

25

53.1 (24 h)

1

1.5

25

75.2 (24 h)

1

1.2

60

90.3 (36 h)

After completing the study, our next approach was to check and modify the
medium used for the reaction to generate the maximum yield. So we did conduct a
medium study by using mixture of solvents in different proportions.
a) THF and aqueous medium (water)
b) Ethanol and aqueous medium (water)
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Solvent study was conducted by using different combinations of the solvent and at
different ratios. We used only polar and hydrogen bonding polar solvents and
combination of both.
Table 4: Solvent study of THF: Water system.
% Product Formation * (Uncorrected GC Data – FID Detector)
Time (h)

I

II

III

IV

V

0.5

16.9

27.7

40.2

0

0

1

50.6

49.4

59.3

64.4

0

2

68.3

65.5

69.6

57.2

32.5

4

76.7

72

72.8

54.1

32.4

24

81.3

76.1

76.8

60.4

47

* The reaction was carried with 1 eq Phenol and 1.2 eq E. salt at 60 °C. In the above
numerical indicated the THF: Water ratio - I) 100:0, II) 80:20, III) 50:50, IV) 20:80 and
V) 0:100.
Table 5: Solvent study of Ethanol: Water system.
% Product Formation * (Uncorrected GC Data – FID Detector)
Time (h)

I

II

III

IV

V

0.5

15.2

36.2

53.2

54.6

30.1

1

38.4

58.9

68

65.6

0

2

55.1

69.9

72.5

68.9

50

4

68.2

76

72.7

71.7

59.1

24

80.1

78.1

70.1

66.2

53

* The reaction was carried with 1 eq Phenol and 1.2 eq E. salt at 60 °C. In the above
numerical indicated the Ethanol: Water ratio - I) 100:0, II) 80:20, III) 50:50, IV) 20:80
and V) 0:100.
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The best results obtained for our reaction with moderately polar solvent alone not
in combination, facilitating the isolation of 2-[(dimethylamino)methyl]phenol easily in
good yield.
Secondly, the study of effect of the temperature involved modifying the
temperature conditions to 25 °C, 45 °C and 60 °C. The best results for the reaction were
obtained when the temperature was 60 °C.

Table 6: Summary of the investigated temperature conditions for the 2[(dimethylamino)methyl]phenol synthesis.
Sl No.

Temperature

% Product formed (Uncorrected
GC Data – FID Detector)

1

25 °C

28.7 (24 h)

2

45 °C

72.6 (24 h)

3

60 °C

90.3 (24 h)

Our research also focused on limiting the reagents used for the synthesis of 2[(dimethylamino)methyl]phenol for generation of best results with minimum/less
impurities. Varying several ratios of the starting material both phenol & E. salt, we found
out that our best results were obtained when the E. salt was in lower ratio as compared to
phenol. By several trial and error methods, the optimum results were obtained when the
ratio was 0.33 eq of E. salt to 1 eq of phenol. 0.33 eq of E. salt was used to prevent the
basic hydrolysis of the E. salt resulting in the formation of dimethyl methanolamine
(HOCH2-NMe2) as an impurity.
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Table 7: Summary of the isolation conditions for the 2[(dimethylamino)methyl]phenol with respect to impurities.

Eq. of Phenol

Eq. of E. salt

Isolation

Ratio of the NMR Product :

Conditions

Ratio of the NMR impurity
(approximate values)

1.0

1.2

2 M NaOH

1:3

1.0

0.33

2 M NaOH

1:2

1.0

0.33

3 M NaOH

1 : 0.5

1.0

0.33

2 M HCl

1:0

para substituted phenols:
The formation of 2-[(dimethylamino)methyl]phenol results were extended to the
para substituted phenols; namely the para-chloro, para-bromo and para-methoxy
isomers, wherein the corresponding para-substituted derivatives of the phenol were
obtained using the same conditions as for the phenol.
The reaction conditions of the para substituted derivatives are as follows:
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Synthesis of 4-bromo-2-[(dimethylamino)methyl]phenol.
The reaction was run in a 100 mL round bottom flask with para-bromophenol (1
eq, 2.0 g, 11.57 mmol), THF (7.24 mL), TEA (1 eq, 1.62 mL, 11.57 mmol) and E. salt
(0.33 eq, 0.72 g, 3.86 mmol) at 60 °C for 24 h. This reaction was run at small scale and
twice the scale size with very good results.

Isolation:
The reaction mixture was first treated with MTBE (ca. 25 mL) in the round
bottom flask. Extraction of the amine product was performed using 2M HCl (ca. 25 mL)
and the isolation of the aqueous layer using a separating funnel. The aqueous layer was
treated twice with MTBE and then the aqueous layer was just neutralized/made slightly
alkaline using the required quantity of 3M NaOH. This neutralized aqueous layer was
extracted with MTBE and the ether layer was evaporated using the rotary evaporator to
get an oily crude extract.
At present the isolated yield is 47.5 % and the results obtained were verified using
GC-MS and NMR.

Analysis:
MS 212 (11, M+ -15), 229 (100, M+), 185 (20, M+ -44), 58 (72, +CH2=NMe2), 77 (6,
C6H5+).
1

H NMR (CD3Cl) δ 2.35 (s, 6H, (CH3)2N), 3.63 (s, 2H, CH2), 6.52-7.25 (d, d, m, 3H,

ArH)
13

C NMR (CD3Cl) 157.39, 131.5, 130.92, 123.96, 117.97, 110.64, 62.36, 44.55.
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Synthesis of 4-chloro-2-[(dimethylamino)methyl]phenol.
The reaction was run in a 100 mL round bottom flask with para-chlorophenol (1
eq, 2.0 g, 15.56 mmol), THF (10.43 mL), TEA (1 eq, 2.17 mL, 15.56 mmol) and E. salt
(0.33 eq, 0.96 g, 5.14 mmol) at 60 °C for 24 h. This reaction was run at small scale and
twice the scale size with very good results.

Isolation:
The reaction mixture was first treated with MTBE (ca. 25 mL) in the round
bottom flask. Extraction of the amine product was performed using 2M HCl (ca. 25 mL)
and the isolation of the aqueous layer using a separating funnel. The aqueous layer was
treated twice with MTBE and then the aqueous layer was just neutralized/made slightly
alkaline using the required quantity of 3M NaOH. This neutralized aqueous layer was
extracted with MTBE and the ether layer was evaporated using the rotary evaporator to
get an oily crude extract.
At present the isolated yield is 41.2 % and the results obtained were verified using
GC-MS and NMR.

Analysis:
MS 170 (9, M+ -15), 185 (100, M+), 141 (23, M+ -44), 58 (52, +CH2=NMe2), 77 (38,
C6H5+).
1

H NMR (CD3Cl) δ 2.34 (s, 6H, (CH3)2N), 3.62 (s, 2H, CH2), 6.73-7.11 (d, d, m, 3H,

ArH)
13

C NMR (CD3Cl) 156.85, 128.55, 128.07, 123.46, 123.39, 117.42, 62.45, 44.56.
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Synthesis of 4-methoxy-2-[(dimethylamino)methyl]phenol.
The reaction was run in a 100 mL round bottom flask with para-methoxyphenol
(1 eq, 2.0 g, 16.12 mmol), THF (10.88 mL), TEA (1 eq, 2.25 mL, 16.12 mmol) and E.
salt (0.33 eq, 0.99 g, 5.38 mmol) at 60 °C for 24 h. This reaction was run at small scale
and twice the scale size with very good results.

Isolation:
The reaction mixture was first treated with MTBE (ca. 25 mL) in the round
bottom flask. Extraction of the amine product was performed using 2M HCl (ca. 25 mL)
and the isolation of the aqueous layer using a separating funnel. The aqueous layer was
treated twice with MTBE and then the aqueous layer was just neutralized/made slightly
alkaline using the required quantity of 3M NaOH. This neutralized aqueous layer was
extracted with MTBE and the ether layer was evaporated using the rotary evaporator to
get an oily crude extract.
At present the isolated yield is 44.6 % and the results obtained were verified using
GC-MS and NMR.

Analysis:
MS 166 (17, M+ -15), 181 (100, M+), 137 (79, M+ -44), 58 (24, +CH2=NMe2), 77 (15,
C6H5+).
1

H NMR (CD3Cl) δ 2.34 (s, 6H, (CH3)2N), 3.58 (s, 2H, CH2), 3.74 (s, 3H, OCH3), 6.53-

6.81 (d, m, 3H, ArH).
13

C NMR (CD3Cl) 152.44, 151.91, 122.71, 116.39, 114.33, 113.51, 63.02, 55.83, 44.61
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Here is the summary of 2-[(dimethylamino)methyl]phenol and the p-substituted
dimethylamino methyl phenol derivatives synthesis along with their respective % isolated
yields represented by a GC analysis.
Table 8: Summary of results of the isolated products.

% Purity of Isolated
p-Substituent Time (h) Yield (Uncorrected GC Isolated Yield % Isolated Yield
Data – FID Detector)

(g)

-H

24

100

1.21

38.1

-Br

24

100

0.85

47.5

-Cl

24

100

0.79

41.2

-OCH3

24

100

0.86

44.6

Our next step will be to focus on preparing the ortho-Li intermediate of the
synthesized products using the ortho-metalation protocol. The reaction conditions of the
metalation might be little difficult to achieve as the products cannot be easily metalated
by the general approach used for the established precursors. The phenolic –OH group has
an acidic proton and if the metalation were carried out, the –Li would have substituted the
proton in the –OH group during metalation making the regiospecific synthesis difficult.
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RESULTS AND DISCUSSION
Understanding the completion of a reaction involves proper evaluation and
interpretation of the data in the research work. Our analysis focused on parameters such
as checking the fragments and the molecular weight peaks in GC-MS data and the
arrangement of the protons in the NMR signals. A Mass Spectrometer MSD with 6890 N
connected to a Gas Chromatogram (GC) plotted the signal sent by the FID detector into a
chromatogram. The GC data gave a semi-quantitative picture of the progress of the
reaction. The 1H and 13C NMR data was crucial for determination of the structure of the
final product.
In order to measure the characteristics of molecules, a mass spectrometer converts
them to ions so that they can be moved about and manipulated by external electric and
magnetic fields. Mass spectral data shows the fragments that occurred during the GC,
separated chemical compounds when bombarded with high energy electrons. This
bombardment causes the ionization of the chemical compounds to generate charged
molecules or molecule fragments; these ions are then separated in analyzer according to
their mass to charge ratio in an electric field which is later plotted.
Nuclear magnetic resonance spectroscopy, most commonly known as NMR
spectroscopy, is a research technique that exploits the magnetic properties of certain
atomic nuclei to determine properties of atoms or the molecules. It relies on the nuclear
magnetic resonance by providing detailed information about the structure, dynamics,
reaction state and chemical environment of molecules. NMR spectroscopy is used for
investigation of the properties of organic molecules and is applicable to any nucleus
possessing spin. This ranges from small compounds to large proteins or nucleic acids
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analyzed with 1-dimensional 1H or 13C NMR techniques. In a magnetic field, NMR
active nuclei (such as 1H or 13C) absorb electromagnetic radiation at a frequency
characteristic of the isotope. The resonant frequency, energy of the absorption and the
intensity of the signal are proportional to the strength of the magnetic field. The NMR
spectroscopy can be applied to a wide variety of samples in solution and solid state.
The above mentioned techniques were mainly used for identifying the products by
observing its fragmentation and determining the structure of the products. Our research
work involved the reaction of phenol with the E. salt to generate new phenolic
derivatives. The reaction could have had either of the two possible outcomes; namely a)
AES protocol for ring substitution or b) substitution on the phenolic –OH group.
Substitution on the aromatic ring or on the phenolic –OH group would result in the same
molecular weight of the final product, hence the analysis were the only means for our
checking the type of the product formed.
In AES reactions, substituent influence has a very important role in directing the
new incoming group. The directing ability depends on the nature of the substituent
present on the benzene ring. Böhme et al. have demonstrated that N,N-dimethylaniline
when condensed with an electrophile, directs the incoming group to the para position. If
the para position is blocked, the incoming electrophile will then be directed towards the
ortho position.8
Ungaro et al. showed that phenols could be condensed with Eschenmoser’s salt
(E. salt) catalyzed by potassium carbonate in exchange resins yield exclusively orthosubstituted products.2, 3 We have discovered that E. salt has the ability in the weakly basic
medium containing triethylamine (TEA) in tetrahydrofuran (THF) to remove the proton
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and bond to the carbon of the aromatic ring exclusively in ortho position to the –OH
group (Figure 6).

Figure 6: Reaction Scheme for Synthesis of 2-[(dimethylamino)methyl]phenol.
Substitution occuring only at the ortho position to the –OH group may be due to
formation of extra resonance form, due to the hydrogen bonding between the hydrogen
(OH) and nitrogen (NMe2) during the transition state and further delocalizing the positive
charge (Figure 7).

Figure 7: Extra transition state of the electrophilic attack at ortho position.

This mass spectra was very important and the initial data for the reaction
involving the synthesis of 2-[(dimethylamino)methyl]phenol. There are several fragments
obtained in this mass spectrum which answered the question relating to the substitution
on the aromatic ring of the dimethylamino methyl group (Figure 8).
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Figure 8: Product ion mass spectrum for the GC reaction of 2[(dimethylamino)methyl]phenol.
For this compound the fragmentation is formed through the ring substitution at the
ortho to the –OH group. When –CH2NMe2 group is bombarded with high energy
electrons, it undergoes a loss of NMe2 resulting in formation of benzyl unit along with the
–OH group. Upon ionization, the benzyl fragment is cleaved off as a cation (PhCH2+),
which rearranges to the highly stable tropylium cation C7H7+ (m/z = 91) (Figure 9). The
formation of tropylium ion is very commonly seen with toluene and the xylenes. Thus
tropylium cation along with the –OH group will equal to mass of 107. This is a very
prominent fragment pattern in the above mass spectrum.
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Figure 9: Reaction scheme for the formation of tropylium ion.

This β bond fission reaction was misleading in our research work for a couple of
years mainly due to the presence of 77 m/z peak in the mass spectrum. The other data for
this reaction was obtained from 1H and 13C NMR spectrums of the final product which
did confirm that the final product was formed due to the aromatic ring substitution at the
ortho position. This confirmation was possible only after the impurities were completely
removed by the modifications in the isolation technique and limiting the E. salt in the
reaction. The likely formation of dimethyl methanolamine (HOCH2-NMe2) as an
impurity was due to the basic hydrolysis of E. salt; isolation technique with acid did not
produce the impurity.
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The final important data came from 1H NMR spectrum for the 2[(dimethylamino)methyl]phenol shows, the presence of singlet peak for (CH3)2N); singlet
peak for (CH2); the flanking two protons are coupled to one proton and are doublets; each
of the two interior protons are coupled to two protons and provide apparent triplet
(Figure 10).

Figure 10: 1H NMR spectrum of 2-[(dimethylamino)methyl]phenol.

The pattern in the aromatic region of 1H NMR spectrum of 2[(dimethylamino)methyl]phenol can be only obtained if the phenol undergoes aromatic
ring substitution at the ortho position showing the presence of only four distinct aromatic
hydrogens unlike five hydrogens if the product were to be formed at the phenolic –OH
group (Figure 11).

24

Figure 11: 1H NMR spectrum of aromatic region of 2-[(dimethylamino)methyl]phenol.

After confirmation of the aromatic ring substitution at ortho position to the –OH
group, our research work next focused on establishing the proper reaction conditions to
obtain the best possible yield by varying certain parameters. The study involved the effect
of the temperature, solvent system and the limiting of E. salt in the reaction.
Firstly, in the solvent study, different combinations of the solvents at different
ratios were employed in our reaction. We used only polar and moderately polar solvents
and combinations of both.
a) THF and Water system.
b) Ethanol and Water system.
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A. Solvent study of THF: Water system.
The reaction was carried with 1 eq Phenol and 1.2 eq E. salt at 60 °C. In the above
numerical indicated the THF: Water ratio - I) 100:0, II) 80:20, III) 50:50, IV) 20:80 and
V) 0:100. The analysis was performed by using GC data (Figure 12).

Figure 12: Plot of % product formation vs Time (h) for the THF : Water solvent system.
B. Solvent study of Ethanol: Water system.
Reaction was carried with 1 eq Phenol and 1.2 eq E. salt at 60 °C. In the above
numerical indicated the Ethanol: Water ratio - I) 100:0, II) 80:20, III) 50:50, IV) 20:80
and V) 0:100. The analysis was performed by using GC data (Figure 13).
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Figure 13: Plot of % product formation vs Time (h) for the Ethanol : Water solvent
system.
The best results obtained for our reaction were moderately polar solvent alone and
not in combination facilitating the isolation of 2-[(dimethylamino)methyl]phenol very
easily in good yield. The formed product was analyzed by GC-MS spectroscopy.
The second study involved modifying the temperature conditions of the reaction.
Completion of reaction was at different rates due to the difference in temperature
conditions like room temperature, 45°C and 60°C. The best results were obtained from
the reaction at 60°C at 24 h.
Finally, a study involving the limiting of the E. salt and phenol in the reaction and
modifications of the isolation procedure for the synthesis of 2[(dimethylamino)methyl]phenol for generation of best results with minimum/less
impurities. Varying several ratios of the starting material (both phenol & E. salt), we
found out that our best results were obtained when the E. salt was in lower ratio as
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compared to phenol. By several trial and error methods, the optimum results were
obtained when the ratio was 0.33 eq of E. salt to 1 eq of phenol.
Isolation techniques employing the use of NaOH (2M / 3M solutions) had
significant traces of the impurity dimethyl methanolamine in the NMR spectrum, but the
impurity was not seen when the isolation was carried out using 2 M HCl. 0.33 eq of E.
salt and the use of the acid in the isolation procedure prevented the basic hydrolysis of the
E. salt responsible for the formation of dimethyl methanolamine as an impurity and gave
the above clear NMR spectrum.
After the formation of 2-[(dimethylamino)methyl]phenol due to the aromatic ring
substitution, the research was extended to 1-naphthol and benzylalcohol. To our surprise,
the reaction did not mimic what was visualized in the formation of phenolic derivative
from phenol. The aromatic ring in benzyl alcohol was not activated as compared to the
reaction of E. salt and phenol. 1-Naphthol has an activated aromatic system but the E. salt
may not be sufficiently electrophilic in nature to provide substitution.

para substituted phenols:
Next we focused on using the results from the 2-[(dimethylamino)methyl]phenol
to para substituted phenols; namely the para-bromo, para-chloro and para-methoxy
isomers, wherein the corresponding para-substituted derivatives of the phenol were
obtained using the same conditions as for the phenol. The analysis of the reactions was
through the same techniques involving GC-MS and NMR.
The GC-MS data and NMR spectrums for the para substituted derivatives are as
follows:
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Firstly, reaction of 4-bromophenol with E. salt in weakly basic medium
containing triethylamine (TEA) in tetrahydrofuran (THF) produces 4-bromo-2[(dimethylamino)methyl]phenol through AES protocol (Figure 14). The formation of this
compound is due exclusively to substitution at the ortho position to the –OH group.
Substitution occurring only at the ortho position to the –OH group may be due to
formation of extra resonance form, due to the hydrogen bonding between the hydrogen
(OH) and nitrogen (NMe2) during the transition state and further delocalizing the positive
charge.
Kudryavtseva L. A. et al. had previously synthesized 4-bromo-2[(dimethylamino)methyl]phenol by reacting 4-bromophenol with formaldehyde and
dimethylamine.9 Our approach uses E. salt and provides a better reaction with 4bromophenol unlike in-situ generation of E. salt using the above Mannich Reaction. For
this reaction, GC-MS data and 1H NMR spectrum were obtained demonstrating the
substitution at the ortho position to the –OH group by AES protocol. Isolation of the
product was hard, as it was on oil and the yield was not relatively high but is free from
impurities.

Figure 14: Reaction Scheme for Synthesis of 4-bromo-2[(dimethylamino)methyl]phenol.
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GC-MS data for the 4-bromo-2-[(dimethylamino)methyl]phenol shows the
presence of the very important peak that can be obtained only through the mass spectrum
reaction involving the tropylium cation formation from the loss of -NMe2 fragment (M+ 44) (Figure 15). The analysis of 'stable isotopes' is normally concerned with measuring
isotopic variations arising from mass-dependent isotopic fractionation in natural systems.
Isotope Abundance in GC-MS data for 4-bromo-2-[(dimethylamino)methyl]phenol
uniquely provides identification of fragments retaining bromine due to the relative
abundance of naturally occurring isotopes of bromine 79 and bromine 81.

Figure 15: Product ion mass spectrum for the GC reaction of 4-bromo-2[(dimethylamino)methyl]phenol.
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The 1H NMR spectrum for the 4-bromo-2-[(dimethylamino)methyl]phenol shows
the presence of singlet peak for (CH3)2N); singlet peak for (CH2); two doublet peaks for
the adjacent aryl protons and one doublet of doublet peak for the isolated aryl proton
(Figure 16). This pattern in the aromatic region can be only obtained if the 4bromophenol undergoes aromatic ring substitution at the ortho position to the –OH group
showing the presence of only 3 hydrogens unlike 4 hydrogen if the product were to
undergo phenolic –OH substitution. The 1H NMR matches the properties of the predicted
1

H NMR spectrum of 4-bromo-2-[(dimethylamino)methyl]phenol.

Figure 16: 1H NMR spectrum of 4-bromo-2-[(dimethylamino)methyl]phenol.
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Secondly, reaction of 4-chlorophenol with E. salt in weakly basic medium
containing triethylamine (TEA) in tetrahydrofuran (THF) produces 4-chloro-2[(dimethylamino)methyl]phenol through AES protocol (Figure 17). The formation of this
compound is due exclusively to substitution at the ortho position to the –OH group.
Substitution occurring only at the ortho position to the –OH group may be due to
formation of extra resonance form, due to the hydrogen bonding between the hydrogen
(OH) and nitrogen (NMe2) during the transition state and further delocalizing the positive
charge.
Kudryavtseva L. A. et al. had previously synthesized 4-chloro-2[(dimethylamino)methyl]phenol by reacting 4-chlorophenol with formaldehyde and
dimethylamine.9 Our approach uses E. salt and provides a better reaction with 4chlorophenol unlike in-situ generation of E. salt using the above Mannich Reaction. For
this reaction, GC-MS data and 1H NMR spectrum were obtained demonstrating the
substitution at the ortho position to the –OH group by AES protocol. Isolation of the
product was hard, as it was on oil and the yield was not relatively high but is free from
impurities.

Figure 17: Reaction Scheme for Synthesis of 4-chloro-2[(dimethylamino)methyl]phenol.
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GC-MS data for the 4-chloro-2-[(dimethylamino)methyl]phenol shows the
presence of the very important peak that can be obtained only through the mass spectrum
reaction involving the tropylium cation formation from the loss of –NMe2 fragment (M+ 44) (Figure 18). Isotopes occur in compounds analyzed by mass spectrometry in the same
abundances as they occur in nature. Isotope Abundance in GC-MS data for 4-chloro-2[(dimethylamino)methyl]phenol shows the variation in molecular weight fragments due
to the relative abundance of naturally occurring isotopes of chlorine 35 and chlorine 37.

Figure 18: Product ion mass spectrum for the GC reaction of 4-chloro-2[(dimethylamino)methyl]phenol.
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The 1H NMR spectrum for the 4-chloro-2-[(dimethylamino)methyl]phenol shows
the presence of singlet peak for (CH3)2N); singlet peak for (CH2); two doublet peaks for
the adjacent aryl protons and one doublet of doublet peak for the isolated aryl proton
(Figure 19). This pattern in the aromatic region can be only obtained if the 4chlorophenol undergoes aromatic ring substitution at the ortho position to the –OH group
showing the presence of only 3 hydrogens unlike 4 hydrogen if the product were to
undergo phenolic –OH substitution. The 1H NMR matches the properties of the predicted
1

H NMR spectrum of 4-chloro-2-[(dimethylamino)methyl]phenol.

Figure 19: 1H NMR spectrum of 4-chloro-2-[(dimethylamino)methyl]phenol.
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Finally, reaction of 4-methxoyphenol with E. salt in weakly basic medium
containing triethylamine (TEA) in tetrahydrofuran (THF) produces 4-methoxy-2[(dimethylamino)methyl]phenol through AES protocol (Figure 20). The formation of this
compound is due exclusively to substitution at the ortho position to the –OH group.
Substitution occurring only at the ortho position to the –OH group may be due to
formation of extra resonance form, due to the hydrogen bonding between the hydrogen
(OH) and nitrogen (NMe2) during the transition state and further delocalizing the positive
charge.
Kudryavtseva L. A. et al. had previously synthesized 4-methoxy-2[(dimethylamino)methyl]phenol by reacting 4-methoxyphenol with formaldehyde and
dimethylamine.9 Our approach uses E. salt and provides a better reaction with 4methoxyphenol unlike in-situ generation of E. salt using the above Mannich Reaction.
For this reaction, GC-MS data and 1H NMR spectrum were obtained demonstrating the
substitution at the ortho position to the –OH group by AES protocol. Isolation of the
product was hard, as it was on oil and the yield was not relatively high but is free from
impurities.

Figure 20: Reaction Scheme for Synthesis of 4-methoxy-2[(dimethylamino)methyl]phenol.
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GC-MS data for the 4-methoxy-2-[(dimethylamino)methyl]phenol shows the
presence of the very important peak that can be obtained only through the mass spectrum
reaction involving the tropylium cation formation from the loss of –NMe2 fragment (M+ 44) (Figure 21).

Figure 21: Product ion mass spectrum for the GC reaction of 4-methoxy-2[(dimethylamino)methyl]phenol.

The 1H NMR spectrum for the 4-methoxy-2-[(dimethylamino)methyl]phenol
shows the presence of singlet peak for (CH3)2N); singlet peak for (CH2); singlet peak for
(OCH3); one doublet peak for the isolated aryl proton and one multiplet peak for the
adjacent aryl protons (Figure 22). This pattern in the aromatic region can be only

36

obtained if the 4-Methoxyphenol undergoes aromatic ring substitution at the ortho
position to the –OH group showing the presence of only 3 hydrogens unlike 4 hydrogen
if the product were to undergo phenolic –OH substitution. The 1H NMR matches the
properties of the predicted 1H NMR spectrum of 4-methoxy-2[(dimethylamino)methyl]phenol.

Figure 22:

1

H NMR spectrum of 4-methoxy-2-[(dimethylamino)methyl]phenol.

The GC-MS data and the 1H NMR spectrum for the para-substituted phenolic
derivatives showed that the substitution was at the ortho position to the –OH group by
AES protocol. This also showed that the substitution was not adjacent to the para
substituent due to the following reasons:
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a)

Ungaro et al. showed that phenols could be condensed with
Eschenmoser’s salt (E. salt) catalyzed by potassium carbonate in
exchange resins yield exclusively ortho-substituted products.2, 3

b)

The 1H NMR spectrum of the unsubstituted phenolic derivative in the
aromatic region shows that the electrophile was substituted at ortho
position to the –OH group (Figure 10).

c)

-OH is a strong directing group in the AES reactions compared to the
halogens (Br, Cl) and methoxy group (OCH3) (Table 1).

d)

Anisole is an aromatic compound containing methoxy group (OCH3)
and is completely unreactive towards the methyleneiminium salts. 2

e)

Substitution occurring only at the ortho position to the –OH group may
be due to formation of extra resonance form, due to the hydrogen
bonding between the hydrogen (OH) and nitrogen (NMe2) during the
transition state and further delocalizing the positive charge from oxygen
to nitrogen.

Here is the summary of o-dimethylamine methyl phenol and the p-substituted odimethylamino methyl phenol derivatives which helps us in identifying the fragments and
their intensity in the GC-MS data ( Table 9).

The important fragment peaks in Table 9 are:
a) Base peak (M+), the molecular weight peak is of highest intensity.
b) M+-15 peaks are due to the 2 methyl groups available from the +CH2-NMe2.
c) (m/z = 58) peak indicates the presence of the dimethylaminomethyl ion.
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d) The molecules upon the loss of -NMe2 by mass spectrum reaction does indicate
the –CH2NMe2 group is at the ortho position to the –OH group and is denoted by
M+-44 peaks due to the formation of very stable tropylium cation.
e) Misleading 77 m/z peaks.

p-

M+ - 15

M+/Base

M+-44

+

CH2=NMe2

C6H5+

substituent

peak

-H

134 (7.8%) 151 (100%) 107 (41.5%)

58 (42.1%)

77 (34.2%)

-Br

212 (11 %) 229 (100%) 185 (19.5%)

58 (71.1%)

77 (5.5%)

-Cl

170 (8.9%) 185 (100%) 141 (23.1%)

58 (52.6%)

77 (37.3%)

-OCH3

166 (17 %) 181 (100%) 137 (78.9%)

58 (23.6%)

77 (14.2%)

Table 9: Diagnostic Mass Spec. Fragments; Mass and % Abundance of the odimethylamino methyl phenol and the p-substituted dimethylamino methyl phenol
derivatives.

Thus, due to the results obtained from the GC-MS and the NMR spectrums, we
were able to demonstrate that all of the above products were obtained due to aromatic
ring substitution at the ortho position to the –OH group.
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CONCLUSION
In this research we were able to regiospecifically synthesize phenolic derivatives
using Aromatic Electrophilic Substitution (AES) protocol. This was quite amusing, as
most of the electrophilic substitution reactions work well in acidic conditions, we
obtained the final products in basic condition. In AES protocol, generally in the presence
of strong ortho/para director, only one of the two isomers is the desired product. The
interesting aspect of our study is the presence of exclusively ortho-substituted
compounds as final products through AES protocol containing a strong ortho/para
director.
Initially in this study, the mass spectrum data mislead us for a time due to the
presence of C6H5+ (m/z = 77) fragment in the spectrum of 2[(dimethylamino)methyl]phenol, giving the impression of the presence of monosubtituted
benzene as a final product. This lead us to focus our studies as the substitution of the
dimethylamino group on the phenolic –OH group is our final product. This product, upon
ortho metalation, did not give favourable results.
Next, our goal was to achieve a clear 1H NMR spectrum by purification. During
the purification process, initially a base was used in the isolation considering the
substitution was on the phenolic –OH group. The impurities were reduced upon several
modifications, by limiting the E. salt reagent and by changing the isolation techniques,
the new 1H NMR aromatic spectrum gave a different picture on the structure of the final
product. This was indeed the substitution of the dimethylamino group on the aromatic
ring.

40

Now the study was changed, starting from the isolation method by employing an
acid rather than use of a base to facilate the isolation of the product. By this change of
approach, the 1H NMR spectrum was totally free from impurities. The likely formation of
an impurity was due to the basic hydrolysis of E. salt, resulting in dimethyl
methanolamine (HOCH2-NMe2); isolation technique with acid did not produce any
impurity.
On examination of the arrangement of the protons in 2[(dimethylamino)methyl]phenol of the 1H NMR spectrum free from impurities, shows the
presence of two doublets and two triplets in the aromatic region. This pattern in the
aromatic region of 1H NMR spectrum of 2-[(dimethylamino)methyl]phenol can be only
obtained if the phenol undergoes aromatic ring substitution at the ortho to the –OH
group. If the product formed was through the substitution on the phenolic -OH group, the
1

H NMR spectrum would have had only 3 different signals. Also, the 13C NMR spectrum

clearly shows 6 different signals for the carbon in the aromatic ring. If the product formed
was through substitution on the phenolic -OH group, the 13C NMR spectrum would have
had only 4 different signals for the carbon in the aromatic ring.
For 2-[(dimethylamino)methyl]phenol, the fragmentation in the GC-MS data is
explained through the formation of tropylium cation. The compound when bombarded
with high energy electrons, –CH2NMe2 group undergoes a loss of NMe2 resulting in
formation of benzyl unit along with the –OH group. Upon ionization, the benzyl fragment
is cleaved as a cation (PhCH2+), which rearranges to the highly stable tropylium cation.
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After obtaining the results of the 2-[(dimethylamino)methyl]phenol using the
AES protocol, several other derivatives were synthesized. The para substituted phenols
were used; namely the para-bromo, para-chloro and para-methoxy isomers. The
corresponding para-substituted derivatives of the phenolic product were obtained using
the same conditions as for the phenol. The analysis of the reactions was through the same
techniques involving GC-MS and NMR.
The substitution occurs at the ortho position to the –OH group in the parasubstituted derivatives of the phenolic product, as the -OH is a strong directing group in
the AES reactions compared to the halogens (Br, Cl) and methoxy group (OCH3). The 1H
NMR spectrum of the unsubstituted phenolic derivative in the aromatic region shows that
the electrophile was substituted at ortho to the –OH group.
The 1H NMR spectrums of the para-substituted derivatives of the phenolic
product shows the presence of two doublet peaks and one complex singlet in the aromatic
region. This pattern in the aromatic region of 1H NMR spectrum of para-substituted
derivatives of the phenolic product can be only obtained if the para-substituted phenol
undergoes aromatic ring substitution at the ortho position to the –OH group. If the
product formed was through the substitution on the phenolic -OH group in the parasubstituted derivatives of the phenolic product, the 1H NMR spectrum would have had
only 2 different signals.
The 13C NMR spectrums of the para-substituted derivatives of the phenolic
product clearly show 6 different signals for the carbon in the aromatic ring. If the product
formed was through substitution on the phenolic -OH group in the para-substituted
derivatives of the phenolic product, the 13C NMR spectrum would have had only 4
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different signals for the carbon in the aromatic ring. GC-MS also supports the presence of
the very important peak that can be obtained only through the mass spectrum reaction
involving the tropylium cation formation from the loss of –NMe2 fragment (M+ - 44).
Also, this could be explained in all the above obtained products, substitution at
the ortho position to the –OH group may be due to formation of extra resonance form.
Due to the hydrogen bonding between the hydrogen (OH) and nitrogen (NMe2) during
the transition state and further delocalizing the positive charge from oxygen to nitrogen.
Our research work focused on efforts to render isolated products with minimum
impurities, greener and more atom economical by use of limiting reagent in the reactions.
Thus the tropylium cation formation from GC-MS data, aromatic ring proton
arrangement in 1H NMR spectrum and signals for the carbon in the aromatic ring in 13C
NMR spectrum of 2-[(dimethylamino)methyl]phenol were very crucial for this study.
These phenolic compounds can be transformed into numerous derivatives which can be
used in the chemical, agricultural and pharmaceutical industries. Future work will be to
synthesize novel benzoheterocyclic compounds from the ortho-derivatised phenols as
well as multi-substituted aromatic compounds.
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FUTURE WORK
1) To synthesize different regiospecifically substituted benzoheterocycles.

Figure 23: Reaction Scheme for Synthesis of benzoheterocycles.

2) Synthesis of various ortho substituted phenols by using other compounds
containing meta and para substituents.

3) Synthesis of various ortho-lithiated derivatives, which could be substituted by
electrophiles and then cyclised in basic conditions for preparing regiospecifically
substituted benzoheterocycles.
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